has been suggested that ϳ55% of cutaneous vasoconstriction with upright posture is due to engagement of the myogenic reflex (37) ; whether this same degree of vasoconstriction in skeletal muscle arteries with postural change can be attributed to myogenic influences is not known. Briefly, the myogenic response is the inherent ability of blood vessel to respond to changes in transmural pressure. Blood vessels, particularly arteries and arterioles, exhibit a strong myogenic response, resulting in smooth muscle contraction as transmural pressure rises and relaxation as transmural pressure falls (25, 27) . In vitro animal studies demonstrate that as intraluminal pressure is increased beyond 40 cmH 2 0, blood vessels incrementally vasoconstrict (9, 29) . Animal studies have demonstrated that the myogenic response can occur independently of the sympathetic nervous system (SNS) (15, 26, 28) . Yet, the SNS may modulate the myogenic response (39) .
A number of human studies have examined and compared upper and lower extremity neurovascular adjustments to changes in posture and/or orthostatic stress (12, 13, 23, 44, 47, 48) . Heterogeneous responses to pharmacological vasodilators and vasoconstrictors have been observed, suggesting that the vascular response of the arm and leg may be different (2, 48) . At least four studies have shown that muscle sympathetic nerve activity (MSNA), an index of central sympathetic outflow, increases similarly in the arm and leg during orthostatic stress (23, (52) (53) (54) . Our laboratory has previously shown that despite similar MSNA responses in the arm and leg, flow fell more in the lower limbs than in the upper limbs during tilt testing (23) . This finding suggested that local mechanisms such as the myogenic response might be engaged to a greater degree in the legs compared with the arms during orthostatic stress. We chose to further evaluate limb myogenic differences using limb-pressurized tanks to minimize the involvement of the SNS. The negative tank pressure approach (31, 32) is advantageous in that transmural pressures can be easily adjusted and transmitted through the limb tissue (3, 33) . Two components of flow responses have been demonstrated with negative tank pressure application: dynamic and sustained (8) . The dynamic phase involves the rapid decrease in mean blood velocity (MBV), which occurs 2-4 s after the initial transient increase in MBV with the abrupt application of negative pressure. The sustained phase involves continuous vasoconstriction below baseline levels 30 to 60 s after the abrupt application of negative pressure.
The purpose of this study was to examine the flow responses in the arm and leg of the same subject under different levels of negative tank pressure (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) and to differentiate between myogenic and sympathetic influences. Based on animal studies, our hypothesis was that increasing transmural pressure would be associated with increases in limb vasoconstriction, and greater vasoconstriction would be observed in the lower compared with the upper limbs. We also hypothesized that lower levels of suction would be associated with myogenic regulation, whereas higher levels of suction would be influenced to a greater degree by sympathetic activation.
METHODS

Study Subjects
Thirty-four healthy nonobese subjects with a mean (Ϯ SE) age of 27 Ϯ 1 yr participated in the study (Table 1) . Subjects were nonsmokers, normotensive, and not on any medications. All subjects were free of symptoms and/or history of cardiac, vascular, pulmonary, metabolic, diabetes, or neurological disease. The women were tested 18 Ϯ 2 days (range 2-31 days) into their menstrual cycle, and 4 of 18 were on oral contraceptives. All subjects were recreationally active, but none were involved in a regular exercise program. The Institutional Review Board of the Milton S. Hershey Medical Center approved the experimental protocol. Each person had the purposes and risks of the protocol explained to her or him before written consent was obtained.
Experimental Measurements
Measurement of heart rate and blood pressure. A standard electrocardiogram was used to monitor heart rate (HR). Systolic and diastolic blood pressures were continuously measured using the volume-clamp method (Finapres, Ohmeda, Madison, WI) with mean arterial pressure (MAP) calculated from the Finapres waveform. Before testing, Finapres pressure was confirmed by an automated sphygmomanometer (Dinamap, Critikon, Tampa, FL). HR and MAP were recorded continuously and collected online at 200 Hz using a PowerLab system (AD Instruments, Castle Hill, Australia).
Measurement of limb volumes and circumferences. Anthropometric measurements taken included forearm and leg volume by water displacement technique, and lower forearm and calf circumferences. To estimate limb volume, we used a water displacement technique in which the limb (arm or leg) is placed into a cylinder of water and the amount of displaced water is measured [limb volume ϭ (d 2 /4) ⅐ (h), where h ϭ change in water level with/without the limb, and d ϭdiameter of the test vessel (16) ]. Changes in limb volume (i.e., limb circumference) from baseline (%) during tank suction were measured with use of a mercury-in-Silastic strain gauge (Hokanson, Belleave, WA) placed around the largest circumference of the lower forearm and calf (31, 32) .
Measurement of mean blood velocity and diameter. Brachial and femoral MBV was measured on a beat-by-beat basis using a 4-MHz pulsed wave Doppler ultrasound (USN) probe (500M Multigon, Yonkers, NY). The flat Doppler probe was securely taped into a fixed position to the skin over the common brachial artery approximately 8 -10 cm proximal to the antecubital fossa and over the common femoral artery, approximately 2-3 cm above its bifurcation into the superficial and deep femoral branches. Since the arteries are nearly parallel to the skin surface, the insonation angle with the artery was ϳ45°. The gate for USN was also set to insonate the total width of the artery's diameter. Maximal Doppler frequency shift based on the strength of the velocity spectra was obtained with slight manual adjustments of the Doppler probe avoiding any pressure on the skin, which could change the angle of insonation. MBV was measured continuously and collected online as noted above. The coefficients of variability (CV) for MBV brachial measurements at rest and during suction were 8.9 Ϯ 3.1% and 10.0 Ϯ 4.5% and for femoral MBV measurements at rest and during suction were 7.7 Ϯ 1.5% and 8.7 Ϯ 1.8%, respectively. Brachial and femoral diameters were measured using Doppler Ultrasound (12-5 MHz; Advanced Technology Laboratories, model HDI 5000CV, Bothell, WA). The CV for brachial and femoral diameters measurements at rest were 2.0 Ϯ 0.2% and 1.2 Ϯ 0.1% and during suction were 1.1 Ϯ 0.1% and 1.9 Ϯ 0.2%, respectively. Blood flow was calculated from diameters and MBV using the following equation: flow (ml/min) ϭ MBV ϫ ϫ [diameter (cm)/2] 2 ϫ 60. Conductance (ml ⅐ min Ϫ1 ⅐ mmHg Ϫ1 ) was calculated as flow/MAP. In addition, shear rate was calculated from diameter and MBV using the following equation: shear rate (s Ϫ1 ) ϭ MBV/diameter (43) .
Experimental Design
Experimental testing. Subjects were instructed to abstain from products containing caffeine and alcohol, as well as to abstain from any exercise 24 h before testing. All studies were performed in the morning after a 2-h fast in a quiet, dimly lit, and temperaturecontrolled room (21-24°C). Subjects were positioned supine and instrumented with ECG electrodes. The subject's nondominant forearm and the ipsilateral leg were inserted into the limb tanks. On a finger of the dominant forearm, a Finapres blood pressure device was attached. Both arms were positioned at heart level. The arm and leg were sealed above the elbow and at midthigh level, respectively, in air-tight pressure tanks using neoprene cuffs to create a snug nonconstricting seal. After a 20-min rest period, baseline measurements were taken.
Experiment 1: vasoconstriction responses to tank suction. Increases in transmural pressure were elicited with the application of suction (i.e., negative pressure) to a single arm or leg via a pressurized limb tank (n ϭ 20). This method reflects a sustained increase in transmural pressure from ambient transmural pressure. We chose to use different levels of tank suction to replicate the changes in transmural pressure due to increases in intravascular pressure when standing up. Twenty subjects were exposed to four separate levels of negative pressure (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) with each limb (arm and leg) tested separately. A primer trial was performed to ensure that the appropriate pressure was present within the limb tank. After 1 min at baseline, the tank pressure was abruptly changed to negative pressure (Ϫ25 mmHg) within 0.2-0.4 s for 1 min and then abruptly released for 1 min. Two trials were done for each pressure, and the responses were averaged. A brief rest period (2-3 min) was included between each trial to ensure that blood flow had returned to baseline. This procedure was repeated using Ϫ50, Ϫ75, and Ϫ100 mmHg with the sequence of pressure application remaining constant. During the application of suction, desired tank pressures remained stable (Ϯ0.2 mmHg). Diameters and MBV of each limb were measured during separate arm and leg trials. 
Experiment 2: potential SNS and local influences on vasoconstriction.
We measured opposing limb blood flow in the contralateral limb during changes in negative limb tank pressure (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) in 20 subjects using the experiment protocol above to examine for any systemic sympathetic effects evoked by limb suction. In addition, we also measured changes in limb volume as an estimate of change in venous distension. The arm and leg limb volumes of the limbs within the tank were measured during changes in negative tank pressure with strain gauges placed at the widest part of the forearm and calf.
Experiment 3: vasoconstriction at low forearm tank pressures. Last, in a separate group of men and women (n ϭ 14), we chose to examine blood flow responses in just the forearm using a series of lower levels of negative pressures (Ϫ10, Ϫ20, Ϫ30, Ϫ40, and Ϫ50 mmHg). We reasoned that myogenic vasoconstriction would be apparent at all levels of suction. After 1 min at baseline, forearm tank pressure was abruptly changed to negative pressure (Ϫ10 mmHg) within 0.2-0.4 s for 1 min and then abruptly released for 1 min. Two trials were done for each pressure, and the responses were averaged. A brief rest period (2-3 min) was included between each trial to ensure that blood flow had returned to baseline values. This procedure was repeated using Ϫ20, Ϫ30, Ϫ40, and Ϫ50 mmHg with the sequence of pressure application remaining constant.
Data Analysis
The following variables were measured on a beat-by-beat basis: HR, MAP, and MBV. Intraluminal diameters were analyzed at the end of diastole at the following time periods: baseline, and 5-10 s and 50 -60 s after change in tank pressure (5) . Trials for each pressure time period were averaged for each individual. If there were no significant differences before all negative tank pressures, resting hemodynamic variables were averaged. To normalize the data for any differences in baseline, the absolute change in MBV from baseline was calculated (MBVx Ϫ MBVbaseline). Within-comparisons between limbs and pressures for HR, MAP, MBV, flow, diameter, and conductance were evaluated using ANOVA for repeated measures. Greenhouse Geisser adjustments for degrees of freedom were used when sphericity assumptions were violated. Post hoc testing was performed using Tukey and pairwise testing where appropriate. A mixed-effect model was used to estimate the correlation coefficient between any two continuous variables having repeated observations per subject (46) . To determine whether the correlation coefficient from the mixed-effects model was significantly different from zero, a 95% bootstrapped confidence interval was obtained using 2,500 bootstrapped samples (11) . Statistical analyses were performed using SPSS (version 13 for Mac OSX, SPSS, Chicago, IL). Data are presented as means Ϯ SE, and level of significance used was P Ͻ 0.05.
RESULTS
Resting femoral MBV, diameter, flow, and conductance were greater than resting flow parameters from the forearm (see Table 2 ). Limb volume was greater in the leg compared with forearm (6,860 Ϯ 310 vs. 1,341 Ϯ 77 ml; P Ͻ 0.05). Resting flow and conductance relationships were still observed when resting variables were normalized by limb volume and resting diameters.
Experiment 1: Vasoconstriction Responses to Tank Suction
With the abrupt application of all negative tank pressures, MBV rose quickly (ϳ2-3 s) and within 20 -30 s fell below baseline values in both the brachial and femoral arteries. Figure 1 provides an example of the hemodynamic and flow responses to changes in tank suction in one subject.
Dynamic Responses to Changes in Limb Tank Pressures of Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg
At the higher tank pressures (Ϫ50, Ϫ75 and Ϫ100 mmHg), the initial transient rise in MBV was greater in the arms compared with the legs (Fig. 2A) . When the peak MBV data were expressed as peak shear rate, similar relationships were shown (arm: 72 Ϯ 8, 215 Ϯ 15, 469 Ϯ 31, and 711 Ϯ 53 s Ϫ1 ; Leg: 26 Ϯ 4, 76 Ϯ 8, 152 Ϯ 12, and 281 Ϯ 27 s Ϫ1 ; P Ͻ 0.05). There was no significant change in brachial or femoral diameters at peak MBV compared with baseline diameters (Fig.  2B) . The timing of this initial peak MBV was delayed in the leg compared with the arm (3.1 Ϯ 0.2 vs. 2.1 Ϯ 0.1 s; P Ͻ 0.05, Fig. 2C ). Immediately after the initial rise in MBV, MBV fell at a dynamic rate that was greater in the arms compared with legs (Ϫ1.91 Ϯ 0.15 vs. Ϫ1.25 Ϯ 0.08 cm⅐s Ϫ1 ⅐s Ϫ1 ; P Ͻ 0.05, Fig. 2D ). Each increase in tank pressure led to a greater initial rise in MBV and dynamic rate of MBV reduction in both limbs (main effect, P Ͻ 0.05). This dynamic rate of MBV reduction in both limbs was dependent on the initial rise in peak MBV.
Sustained Responses to Changes in Limb Tank Pressures of Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg
Sixty seconds after the application of limb suction in the arm and leg, the reduction of MBV below baseline levels was greater for the higher tank pressures (Ϫ50, Ϫ75, and Ϫ100 mmHg) compared with the lower tank pressure (Ϫ25 mmHg) (P Ͻ 0.05). The level of vasoconstriction appeared to plateau after Ϫ50 mmHg of tank suction. Legs exhibited a significantly greater reduction in MBV compared with arm at all tank pressures (Ϫ3.86 Ϯ 0.37 vs. Ϫ1.70 Ϯ 0.37 cm/s; P Ͻ 0.05 ,  Fig. 3A) ; however, there was no change in vessel diameters in either limb with any of the sustained tank pressure changes (Fig. 3B) . When the data were examined in terms of flow and conductance, legs exhibited a greater vasoconstriction effect at every level of suction compared with the arms (Fig. 3, C and  D) . When data were corrected for differences in limb volume, a greater lower limb constrictor effect was still noted (Fig. 4) . When data were normalized to resting baseline flow representing 100%, the percentage of flow reduction with suction was not significantly different between limbs. There were no significant differences in HR during negative tank pressures to either limb; however, MAP was significantly increased at the highest tank pressures in both limbs (Table 2 ). Overall, MAP had a greater increase with exposure to suction in the arm compared with the leg (2.4 Ϯ 0.6 vs. 1.0 Ϯ 0.4 mmHg; main effect, P Ͻ 0.05). Last, there was no significant correlation between the reductions of flow from baseline values during the different levels of tank suction and the initial rise in peak MBV or between the vasoconstrictor response and peak shear rate.
Experiment 2: Potential SNS and Venous Influences on Vasoconstriction
We measured MBV in the contralateral limb during changes in negative limb tank pressure (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) to examine for any systemic sympathetic effects evoked by limb suction. We reasoned that this opposite nontank limb flow subtracted from the flow responses measured from the limb enclosed in the limb tank would be representative of a myogenic component to the vasoconstriction response. Complete opposing limb data for both limb tanks was obtained in 17 subjects (Fig. 5, A and B) . In the arm, the majority of the vasoconstriction with forearm tanks pressure appeared to be influenced by a myogenic mechanism (ϳ84% average; Fig. 5C ). In the leg, the myogenic response accounted for ϳ64% at the three lower tank pressures (Ϫ25, Ϫ50, and Ϫ75 mmHg) and ϳ40% at the highest leg tank pressure (Ϫ100 mmHg; Fig. 5D ). Changes in limb volumes within the limb tanks were significantly greater in the forearm (1.4 Ϯ 0.5%, Fig. 1 . Flow and hemodynamic responses in the brachial (left panels) and femoral artery (right panels) to changes in suction (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) in 1 subject. Dashed line, change to suction. Negative pressures used: OE, Ϫ25 mmHg; ‚, Ϫ50 mmHg; ■, Ϫ75 mmHg; ᮀ, Ϫ100 mmHg. MBV, mean blood velocity (cm/s); MAP, mean arterial pressure (mmHg). Heart rate is in beats/min; flow is in ml/min; conductance is in ml ⅐ min Ϫ1 ⅐ mmHg Ϫ1 .
2.4 Ϯ 0.8%, 3.5 Ϯ 1.0%, and 4.3 Ϯ 1.1%) compared with calf (0.9 Ϯ 0.5%, 1.4 Ϯ 0.7%, 2.0 Ϯ 0.8%, and 2.8 Ϯ 1.1%) at all levels of negative tank pressures (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg, respectively). Last, there was no significant correlation between the changes in limb volume and degree of MBV vasoconstriction during the different levels of tank suction in the arm (rϭ Ϫ0.21) or leg (rϭ Ϫ0.14).
Experiment 3: Vasoconstriction at Low Tank Pressure
In a separate study with eight women and six men of similar age (27.9 Ϯ 2.6 yr) and body mass index (23.6 Ϯ 0.6 kg/m 2 ), blood flow responses to changes in arm tank pressures (Ϫ10, Ϫ20, Ϫ30, Ϫ40, and Ϫ50 mmHg) were also examined for 1 min. Blood velocity dropped to below baseline values within 20 -30 s for all negative tank pressures (P Ͻ 0.05). Forearm vasoconstriction at the higher negative pressures (Ϫ30, and Ϫ40 mmHg) was significantly greater than at the lowest negative pressures (Ϫ10 mmHg; Fig. 6 ).
DISCUSSION
In these studies, we examined upper and lower limb constrictor responses during a series of negative tank pressures in healthy individuals. The main findings of this study were: 1) legs compared with the arms exhibited greater vasoconstriction at all levels of suction; 2) vasoconstrictor responses occurred at all negative pressures (Ϫ10 through Ϫ100 mmHg) with the degree of vasoconstriction plateauing with tank pressures greater than Ϫ50 mmHg; 3) limb tank pressures greater than Ϫ25 mmHg appear to also elicit systemic sympathetic engagement in the leg and arm; 4) the contribution of sympathetic activation to the constrictor response was much smaller for the arm than the leg; and 5) greater vasoconstrictor responses in the leg are due to both greater sympathetic and myogenic influences. The physiological significance of these findings is that increases in transmural pressure with standing invariably evoke a larger lower limb increase in vascular tone that is due to both sympathetic and myogenic factors. Fig. 3 . Absolute MBV, diameter, flow, and conductance changes (⌬) under sustained increases in tank suction (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) in the brachial and femoral arteries. Legs compared with arms had greater velocity reductions in response to changes in suction (A) with no change in diameters in either limb (B). Leg flow and conductance changes were greater at every tank suction level compared with the arm (C and D) . Baseline, baseline levels at ambient pressure where ⌬ ϭ 0; F and solid line, arm; E and dashed line, leg; *Significant difference between arm and leg at a specific negative tank pressure. **Significant main effect difference between arm and leg. Fig. 2 . Absolute peak MBV and diameter changes (⌬), timing of peak MBV, and dynamic response to abrupt changes in suction (Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) were examined. Arms compared with legs had a higher peak MBV at the higher tank pressures (Ϫ50, Ϫ75, and Ϫ100 mmHg; A). There were no changes in limb diameters at peak velocity across all limb tank pressures (B). Legs had a delayed response to all applications of tank pressure compared with arms (C). Arms had a greater dynamic response after the peak velocity (D). Baseline, baseline levels at ambient pressure where ⌬ ϭ 0; F and solid line, arm; E and dashed line, leg; *Significant difference between arm and leg at a specific negative tank pressure. **Significant main effect difference between arm and leg.
Animal studies suggest there are differences in the regulation of vascular tone in the upper and lower limbs of swines (30) . Several human studies have examined regional variations in arterial dilator and constrictor responses (35, 36, 38) . Reactive hyperemic studies show greater peak flow responses and vasodilator capacity in the forearm compared with the calf (35, 41) . Yet the calf compared with forearm has been shown to have greater vasoconstriction response to pharmacological stimuli (12, 24, 38) . A potential mechanism for this is felt to be due to greater ␣-adrenergic responsiveness in the calf relative to the forearm (38); however, ␣ 1 -and ␣ 2 -adrenergic responsiveness may be different between limbs (10, 51) . Thus the majority of the pharmacological and physiological studies of the arm and leg have shown that the arm has a greater vasodilator response than the legs but that the legs compared with the arms have a greater vasoconstrictor response (42) .
Classic studies examining human forearm (17) and calf (4) blood flow regulation have demonstrated that on the release of negative pressure (Ϫ50 to Ϫ200 mmHg) a vasoconstriction effect occurred. It was suggested that the forearm had a stronger vasoconstrictor response with lower pressures (Ϫ50 mmHg), whereas calf vessels responded more regularly and strongly to all other higher negative pressures. A limitation to these studies was that blood flow was measured after the release of negative pressure. In our study, we measured limb velocity and diameters during the application of suction to replicate the effects of standing. When an individual stands, intraluminal pressure increases in the dependent limbs, leading to an increase in transmural pressure (45) . Since conduit diameters did not change with the application of suction in either limb, we reasoned that changes in vessel diameter were occurring in the downstream smaller resistance vessels of the arm and leg within the tank. Thus the conduit velocity and conductance data were more representative of the lower resistance vessels located within the enclosed tank responding to the changes in transmural pressure. In our study, although limb differences were not present when baseline flows were normalized to 100%, absolute changes in flow demonstrated that there was greater vasoconstriction in the leg compared with arm during all levels of suction. These limb vasoconstrictor differences were still apparent when the absolute changes were normalized by limb volume. Thus we feel that the absolute changes in flow were more representative of the vasoconstrictor effect in the limbs with increasing levels of suction. Interestingly, the vasoconstriction response appeared to plateau beyond 50 mmHg of negative pressure. This ceiling effect may have been due to endothelial influences from the initial rise in flow that opposed vasoconstriction, leading to a plateau effect. (A  and B) . Baseline, baseline levels at ambient pressure where ⌬ ϭ 0; F and solid line, arm; E and dashed line, leg. **Significant main effect difference between arm and leg. Fig. 5 . Sympathetic nervous system (SNS) and myogenic influences on vasoconstriction during changes in limb tank pressures (n ϭ 17). There was little change in contralateral flow in the arm during changes in tank suction (A), whereas opposing leg limb blood exhibited vasoconstrictor responses (B). Myogenic contribution to the vasoconstriction was calculated from limb MBV within the tank minus limb MBV in opposing limb for the arm (C) and leg (D). The myogenic response compared with SNS influence appeared to have a greater contribution to vasoconstriction in the arm with changes in tank suction. Although the myogenic response still had a strong influence in leg vasoconstriction, sympathetic activation also appears to contribute to vasoconstriction in the lower limbs, especially at the highest tank pressure (Ϫ100 mmHg). Baseline, baseline levels at ambient pressure where ⌬ ϭ 0; F and solid line, tank limb; E and dashed line, nontank limb; solid bars, myogenic influence; hatched bars, SNS influence. **Significant main effect difference between arm and leg. Fig. 6 . In a separate group of subjects (n ϭ 14), forearm MBV responses were examined 60 s after application of Ϫ10, Ϫ20, Ϫ30, Ϫ40, and Ϫ50 mmHg tank pressure. At 60 s under negative pressure, MBV was below baseline levels for all levels of suction (P Ͻ 0.05). A greater vasoconstriction response (⌬MBV) was observed with higher negative pressures (Ϫ30 and Ϫ40 mmHg) compared with lowest negative pressure (Ϫ10 mmHg). Baseline, baseline levels at ambient pressure where ⌬ ϭ 0. *Significantly different from Ϫ10 mmHg.
When an individual moves from a supine to standing position, there is an increase in the lower limb's transmural pressure (45) due to an increase in intraluminal pressure. Additionally, vascular resistance has been shown to be greater in the lower compared with upper limbs during orthostatic stress (23) . Yet similar increases in MSNA have been shown in the arm and leg with tilt (23), static exercise (55) , and lower-body negative pressure (44) . Previous animal studies have demonstrated that the myogenic response can occur independently of SNS but that the SNS may modulate the myogenic response (39, 40) . In cutaneous tissues, it has recently been suggested that vascular sensory fibers are involved in mediating the myogenic response (37) . Prior studies using lower-body negative pressure tanks enclosing the pelvis and both or one leg have demonstrated engagement of sympathetic activity (7, 22, 34) . Thus we questioned whether our limb tank model also evoked sympathetic activation, contributing to the vasoconstriction responses observed. We speculated that the higher levels of suction would be associated with an increase in opposing limb vasoconstriction. In our control limb, we saw mild to moderate levels of vasoconstriction, which we felt was due to a potential baroreflex response based on the minor blood pressure fluctuations with activation of the limb tanks. Using measurements of limb flow in the limbs contralateral to those exposed to suction, we found that suction of the leg evoked a greater sympathetic engagement than the arm. Previously it has been suggested that the myogenic response contributes ϳ55% of cutaneous vasoconstriction with upright posture (37) . In our study, forearm vasoconstriction appeared to be due primarily to myogenic influences (ϳ84% average). In the leg, the myogenic influence was responsible for more than 50% of the constriction at all levels of suction except at Ϫ100 mmHg. Thus the contribution of the vasoconstriction response due to nonadrenergic mechanisms appeared to be greater in the arm than leg.
Several prior studies have suggested that the cutaneous, subcutaneous, and muscle vasoconstriction effect observed with the limb dependent below heart level is due to a local venoarteriolar axon reflex in which increases in venous pressure leads to arterial constriction (1, 6, 18 -20, 37, 50) . In cutaneous tissue, the dominant part of the axon reflex's vasoconstriction effects is suggested to occur when vascular transmural pressure increased from 20 to 40 mmHg (18, 50) . Similar cutaneous nonadrenergic vasoconstrictor responses (ϳ50%) to venous congestion (56) and leg in a dependent position (37) have been reported in both the arm and leg. To further examine for the possible influence of the axon reflex, we measured limb volume changes as an indirect measure of change in venous volume during tank suction. We observed a greater increase in arm compared with leg volume with all negative pressures. Thus, if our changes in blood flow were due to purely an axon reflex mechanism, we speculated that the greater limb volumes in the arm would have evoked a greater vasoconstrictor effect in the forearm. We did not observe this phenomenon. We also did not observe any association between the magnitude of change in limb volume and degree of vasoconstriction during changes in limb suction. Last, in our study, we also examined forearm vascular responses to a range of lower negative suction (Ϫ10, Ϫ20, Ϫ30, Ϫ40, and Ϫ50 mmHg). We reasoned that myogenic vasoconstriction would occur at thresholds lower than predicted for the venoarterial axon reflex (18, 50) . Even though there appeared to be a plateau of the forearm responses beyond Ϫ50 mmHg of suction, we demonstrated forearm vasoconstriction effects below baseline values with tank suction as little as Ϫ10 and Ϫ20 mmHg. Thus we feel that the above evidence concurs that it is unlikely that the axon reflex made a major contribution to our findings.
Several signaling pathways have been suggested to be involved in the myogenic response. Animal studies suggest that, as vascular smooth muscle depolarizes, calcium enters the cell via voltage-gated calcium channels increasing intracellular calcium, leading to smooth muscle vasoconstriction (8, 21) . Studies in rat mesenteric vessels also suggest that increases in intraluminal pressure may also lead to the generation of arachidonate metabolites activating vanilloid receptors (TRPV1) on C fiber nerve endings. Activation of these receptors is suggested to lead to depolarization of nerves and the release of vasoactive sensory neuropeptides, which bind to tachykinin NK1 receptors, leading to vasoconstriction (49) . Whether these signaling pathways are different in the arm and leg vasculature is unknown. Another potential cause for the greater leg vasoconstriction may be due to the fact that ␣ 1 -adrenergic responsiveness is higher in the calf relative to the forearm (38) . In other studies, the arm exhibited greater ␣ 1 -compared with ␣ 2 -adrenergic responsiveness to infused adrenergic agonists (10), whereas the leg exhibited similar levels of ␣ 1 -and ␣ 2 -adrenergic responsiveness, respectively (51) . Thus the exact cellular mechanism responsible for the enhanced vasoconstriction response in the legs compared with arms will require further study.
Limitations to the Study
There are several limitations to be addressed. First, previous studies have demonstrated that the tank pressures are transmitted through the tissue (33) . Due to differences in muscle mass and limb circumference, it is possible that the timing of pressure transmission throughout the tissue may have influenced the initial dynamic rate of MBV change with the abrupt application of suction. However, we think it is unlikely that differences in transmission rate altered our conclusion regarding the relative size of the sustained myogenic response in the arm and leg. Second, it may be argued that the initial increase in velocity could have affected the magnitude of the constrictor responses. To examine this possibility, we examined MBV vasoconstrictor responses in the arm and leg at 25 mmHg of suction. At this pressure, the initial increases in flow (peak MBV) were similar, but sustained vasoconstriction was greater in the legs compared with the arms. At higher levels of suction, peak MBV in the arms was greater than that in the legs. Thus this, coupled with the smaller diameters in the forearm, yields greater shear rates for the brachial than the femoral arteries. This response could lead to the greater release of nitric oxide in the forearm, and this could act to oppose forearm myogenic influences. Thus endothelial modulation via changes in shear stress may influence the degree of vasoconstriction with changes in negative tank suction.
Third, for technical reasons, we used the same order for tank suction (i.e., Ϫ25, Ϫ50, Ϫ75, and Ϫ100 mmHg) in both limbs when measuring velocity and diameters separately. To minimize for any potential order effects, trials were separated by rest periods to ensure that flow measurements returned to baseline levels before starting the next trial. Fourth, elevating the limbs may have minimized the venoarterial reflex, but it would have also altered the transmural pressure across the blood vessel. Thus we chose to keep the limb tank at heart level to avoid changes in hydrostatic pressure. Due to the increases in limb volume, we cannot exclude the role of the local venoarterial reflex especially at the high suction levels; however, we did not observe an association between increases in limb volume and MBV vasoconstriction. Fifth, since these subjects were part of a larger study, we were unable to control for the phase of the menstrual cycle in our female subjects. Last, since we did not measure skin blood flow with changes in tank pressure, we cannot evaluate skin blood flow and muscle flow responses.
Conclusion
Myogenic reactivity in combination with the SNS leads to vasoconstriction in the limbs, which helps regulate blood pressure with posture changes. Responses to lower levels of tank pressures especially in the arm are likely to be more representative of local myogenic vasoconstriction effects, whereas higher levels of tank pressure appear to elicit a combination of sympathetic and myogenic influences.
